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 Exact laser beam positioning for measurement 
of vegetation vitality 
 
1 Introduction 
The Normalized Differenced Vegetation Index (NDVI) defines the degree of 
light reflection from vegetation, which is strongly related to the presence of 
the vegetation chlorophyll, which results in more reflection in the near 
infrared, than in the visible spectrum. Detecting the NDVI of a vegetation 
zone, the vitality of the observed plants can be determined (Meyer & Neto 
2008, Guti´errez Soto et al. 2011, Lee & Lee 2012, Bourgeon et al. 2016). One 
major task of Laser Scanners is 3D coordinate determination of objects 
under observation using physical measurements, which have a use in a wide 
range of applications (Yu et al. 2013, Lee & Park 2015, Lindner 2016). A new 
Technical Vision System (TVS, prototype No.3) was developed at the 
Engineering Institute of UABC, and which principally represents a laser 
scanning system containing a Positioning Laser (PL) and a Scanning Aperture 
(SA), shown in Fig.1 (Lindner et al. 2016a). 
Present paper analyzes a new application for the TVS, used in 
combination with an Unmanned Aerial Vehicle (UAV, drone) to support the 
mea- 
 
Figure 1: Technical Vision System No.3 
surement of the vegetation NDVI. Fig.2 depicts the proposed drone X8+ from 
3D Robotics, where the TVS shall be installed on the front part of the drone. 
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 The laser scanning system thereby performs a line-by-line scan of his 
immediate front section and by measuring the reflected laser energy from 
 
Figure 2: Drone X8+ using the Technical Vision System 
 
Figure 3: Reflected Laser Beam on Surface 
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 the vegetation, the degree of light reflection can be determined. The SA 
sensor of the TVS, presented in Fig.1, can detect the laser beam reflectance 
as depicted in Fig.3, which shows experimental images of the TVS red laser 
spot reflected on a green surface with five different color saturation levels. 
As it is evident from this figure, the reflected signals have different energy 
 
Figure 4: Laser Beam Reflectance Energy Levels 
levels, depending on the color saturation of the scanned surface. These 
energy levels can be evaluated and estimated by methodology of 
Rodr´ıguezQuin˜onez et al. (2014) and Rivera-Castillo et al. (2016) and the 
results of such conversion are presented in Fig.4. Observing images Fig.4a - 
Fig.4e, it can be determined the following three characteristics for 
increasing color saturation: 
• The width of 3D peak on the surface is decreasing. 
• The amplitude of noise is decreasing. 
• The amplitude of 3D peak is maintaining constant. 
By determining the width of the 3D peak and the noise amplitude of the 
reflected laser spot under normal conditions, allows the preliminary 
detection of the NDVI rate. This preliminary decision shall help to make a 
preselection of the image section captured by the drones’ on-board camera. 
As this camera represents a standard RGB camera, the VARI algorithm can 
be used, to estimate the fraction of vegetation inside a captured area 
(Gitelson et al. (2002)). More work for confirming the ability of vegetation 
indices determination can be found in Richardson et al. (2014). 
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 The TVS uses the Dynamic Triangulation Method, to measure 3D 
coordinates of any object under observation (Lindner et al. 2016b). Here, 
the TVS laser beam is directed onto the vegetation under the PL angle, the 
laser beam gets reflected on the vegetation surface and received by the TVS 
under the SA angle, see Fig.1 and Fig.2. Forming a triangle between 
positioning laser and scanning aperture, the exact 3D coordinates of any 
point reflected on the vegetation can be determined. 
Thereby, one major issue to measure the vegetation vitality is defined by 
the Exact Laser Beam Positioning in the TVS field-of-view (FOV). Previous 
research has shown the existence of two mutual excluding conditions, when 
using low-quality DC motors for this positioning task (Lindner et al. 2015). 
By the use of high-quality DC motors with better physical characteristics, 
these two conditions get minimized or eliminated. However, high-quality DC 
motors still show limitations, when the motor shaft is positioned with small 
angles. Hence, to reduce the laser beam positioning error after control, 
present paper describes the implementation of a closed-loop positioning 
algorithm (Pos-algorithm) using microcontrollers and high-quality DC 
motors. Different experimental factors for the algorithm are presented and 
using different arrangements of these factors, the positioning error after 
control is summarized in table form. 
The paper is organized using following sections. After introduction of 
Theoretical Concepts, the following section defines Practical Concepts, which 
are needed to implement the control algorithm for exact laser beam 
positioning. This algorithm in closed-loop configuration is presented in the 
following section Proposed Positioning Algorithm, which is followed by the 
section Experimentation Realization and Results. These results are evaluated 
in the next section Experimentation Analysis and section Conclusions finalizes 
present paper. More preliminary research about the TVS can be found in 
Sergiyenko et al. (2009, 2013), Lindner et al. (2014), Flores-Fuentes et al. 
(2015) and Sergiyenko et al. (2016). 
2 Theoretical Concepts 
2.1 Static vs. Dynamic Triangulation 
The use of the triangulation method in laser scanning systems can be of 
Static or Dynamic characteristic (Sergiyenko et al. 2011). Static 
characteristic is referred to an operation mode without moving the 
positioning laser (PL) or the scanning aperture (SA), which results in a 
statically behavior of the triangulation. More detailed information about the 
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 technical functionality of the PL and SA can be found in Lindner (2016). 
Fig.5 shows the basic principle of measurement, where a laser beam 
reflected on a surface is focused on an image sensor (CCD or CMOS sensor) 
by an optical lens. 
 
Figure 5: Static Triangulation 
A distance change dz of the scanned surface produces a position change 
dz0 of the received laser beam on the image sensor. Due to the static 
characteristic of this measuring method, the size of the image sensor limits 
the maximum possible range of the distance measurement. To increase the 
measuring range of the laser scanner FOV, the principle of Dynamic 
Triangulation was developed, and which is depicted in Fig.6. 
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Figure 6: Dynamic Triangulation 
The dynamic triangulation uses not-fixed PL angle (γ) and SA angle (β), 
to make the measurement range independent of the receiver image sensor 
size. The positioning laser strikes the laser beam under the angle γ to the 
observed object, the laser beam gets reflected on the object surface and 
received by the scanning aperture under the angle β. Using equation: 
  (1) 
and 
 , (2) 
the two-dimensional coordinates of any reflected laser point on the 
object surface are determined (Lindner et al. 2016b). Due to the not-fixed PL 
and SA angle, the scanning system can theoretically position the laser beam 
on any angle in the range of 0 < γ < 180◦ and can theoretically receive the 
reflected laser beam from any angle in the range of 0 < β < 180◦ in the 
scanner FOV. It must be noted, that in Rivas-L´opez, Sergiyenko, Aguirre, 
Devia, Tyrsa & Rend´on (2008) on page 1461 a more practical limit of FOV 
not 0 < γ < 180◦, but less than 45◦, is rectified due to uncertainty distortions 
on the left and right edges of real FOV using dynamic triangulation 
(RivasL´opez, Sergiyenko & Tyrsa (2008), Basaca-Preciado et al. (2010)). 
For sensors using static triangulation, Blais et al. (2000) and Blais (2004) 
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 reports a nominal limit of FOV between 3 − 10◦. So in rough approximation, 
we can conclude that the averaged FOV of dynamic triangulation is 15 − 4.5 
times wider, than the FOV of static triangulation. 
3 Practical Concepts 
3.1 Incremental Encoder 
Incremental encoders deliver phase shifted square-wave pulses on two 
channels A and B, to measure the precise actual angular position and 
velocity of the DC motor. The used incremental encoder from Maxon Motors 
provides 1000 pulses on each channel and per revolution (1000ppr). The 
resolution of the actual angular position ϕo of the DC motor is limited by 
these pulses. To increase the resolution, the incremental encoder is 
considered as a State Machine with 4 states, which sequence is defined by 
the revolution direction shown in Fig.7: 
 
Figure 7: Incremental encoder state machine 
Using this state machine to count the encoder pulses, the maximum 
possible angular position resolution of the used incremental encoder now is 
defined by: 
 . (3) 
3.2 Pulse-Width Modulation 
Because the used microcontroller ATmega328P-PU (named as Digital 
Controller in Fig.8) does not possess an analog output, the calculated 
controller output variable y(t) is converted to the DC motor armature voltage 
uA using a pulse-width modulated signal (PWM), which varies the ratio 
between on time (τ) and a fixed period (TPWM) of a square wave signal, called 
duty cycle d. Several kinds of modulations were compared. However, due to 
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 low system frequency, none of the researched modulations methods show 
significant advantages, meanwhile applications for PWM in literature are 
most theoretically backgrounded for similar cases: PWM as preferred 
method of signal modulation is used because of the simple implementation 
in modern microcontrollers, since they have internal modules that realize 
and generate PWM signals on hardware level. Here, the controller output 
variable corresponds to the duty cycle: 
  (4) 
Due to its electrical and mechanical inertia, a DC motor acts as a 
secondorder low-pass filter, defined in general by following transfer 
function: 
 , (5) 
where T1 represents the electrical and T2 the mechanical time constant, 
with typically . Applying a PWM signal as DC motor armature 
voltage uA(t) and using first-order Pad´e Approximation, the actual angular 
speed Ωo(s) as output of the DC motor in general can be defined as: 
 , (6) 
where T3 = 0.5τ represents the PWM time constant, due to the 
rectangular pulse during PWM on time. As long as condition 
  (7) 
is complied, the smallest cutoff frequency of the frequency response 
|Ωo(jω)| of (6) is defined by the mechanical time constant T2: 
 . (8) 
That is, by complying condition (7), the low-pass filter behavior of the DC 
motor ensures, that all harmonics of the PWM signal are filtered and that the 
DC motor armature voltage uA(t) is approximated using only the PWM DC 
value: 
 uA(t) ≈ uN · d = uN · y. (9) 
3.3 Microcontroller Timer 
The Pos-algorithm is implemented in the microcontroller using Timer1 for 
PWM generation and calling the control Pos-algorithm with an execution 
period TP , using a timer overflow interrupt (TOV). Using the CPU clock rate 
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 fCPU of the microcontroller, the counter of Timer1 is counting from BOTTOM 
(zero value) to a defined TOP value and constantly compared to a defined 
OCR value. With the TOP value the PWM frequency fPWM is defined and with 
the OCR and TOP value the duty cycle (4): 
 . (10) 
The resolution of this duty cycle is also defined by the TOP value, which 
depends mutual with fPWM on the CPU clock rate fCPU of the microcontroller: 
 fCPU = TOP · fPWM. (11) 
Equation (11) shows two mutual excluding conditions, when using 
microcontroller Timer for PWM signal generation: A) With high duty cycle 
resolution or B) With high PWM frequency. The timer overflow interrupt 
(TOV) is used, to call and execute the Pos-algorithm with a fixed period 
. This ensures that the controller output variable y does not 
change more quickly, as the duty cycle of the PWM signal. The opposite 
would violate the principle of causality. 
4 Proposed Positioning Algorithm 
4.1 Actual Angular Position Measuring 
To position exact the TVS laser beam in the FOV, the use of DC motor Maxon 
RE-max29 with incremental encoder MR Type ML is proposed as actuator of 
the TVS positioning laser (Fig.1, (Lindner et al. 2016a)). As this motor does 
not contain a transmission, the actual counted pulses ρo (counts) from the 
encoder represent directly the actual angular position ϕo (degree): 
 . (12) 
The pulses count of 4000 in (12) is basically enough for sufficient 
resolution for majority of applications in modern technology. However, it 
still can be improved using the method of perfect pulses coincidence search 
in Sergiyenko et al. (2012). In the case of industrial robot navigation, the use 
of method in Sergiyenko et al. (2012) is complementary with use of method 
in Hernandez et al. (2009). 
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 4.2 Closed-Loop Configuration 
 
Figure 8: Closed-loop position control 
In order to realize the proposed position control practically, the DC 
motor is connected in closed-loop configuration, as shown in Fig.8. Here tk = 
k · TS, with k ∈ N and TS the sampling time of the microcontroller Sample and 
Hold-element, represents discrete time points of the continuous time t. By 
using the digital controller and incremental encoder, all variables of the 
closed-loop except the output variable ϕo(t) are discretized in time and 
quantized in amplitude. Due to the second-order low-pass filter behavior of 
the DC motor, it represents a digital-analog converter (DAC), which converts 
the discrete values of the DC motor armature voltage uA(k) into continuous 
values of the actual angular position ϕo(t). These continuous values of ϕo(t) 
are converted again into a pulse sequence by the incremental encoder, 
which represents a analog-digital converter (ADC). 
The absolute angular error ϕe is calculated by the difference between the 
reference angular position ϕr and the measured angular position ϕm: 
 ϕe = ϕr − ϕm. (13) 
The absolute angular error gets normalized and thereby converted to the 
relative angular error  using following relation: 
 . (14) 
Now, the controller output variable yϕr is calculated using an 
amplification factor KP : 
 . (15) 
To improve the step response of the controlled DC motor, the absolute 
angular error ϕe is related to the maximum positioning angle of 360◦. Thus 
defines the controller output variable y360: 
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  . (16) 
Both controller output variables (15) and (16) are considered as 
functions of the measured angular position ϕm, that is yϕr = y360 = f(ϕm) and 
for both apply the conditions, that KP > 0 and ϕr ≥ ϕm. Due to physical 
constrains, like maximum DC motor armature voltage uA, the controller 
output variable must be clamped to the range of [0 − 100%]: 
 y = max(0,min(y,100)). (17) 
As the initial measured angular position ϕm(0) = 0◦, the initial values are 
calculated for both controller output variables: 
yϕr(0) = 100KP (18)
 . (19) 
Equation (18) and (19) shows, that the initial controller output variable 
yϕr(0) not depend and that the initial controller output variable y360(0) 
depend on the reference angular position ϕr. Thereby, for KP ≥ 1, the initial 
controller output variable yϕr(0) = 100%, regardless of the reference angular 
position ϕr. The initial controller output variable y360(0) instead will be 
higher, the greater is the reference angular position ϕr or the amplification 
factor KP . These prevent unstable oscillatory step responses, when the initial 
absolute error is too small. 
The analyze the influence of the parameters KP and ϕr to the growth of 
the controller output functions yϕr = f(ϕm) and y360 = f(ϕm), the zeros, the 
slope, the intersection with ordinate axis and the intersection with the 
100%-line shall be calculated. The zeros 
are calculated by: 
= 0 (20) . (21) 
Both of these functions possess the same zero:  
ϕm,yϕ ,0 = ϕm,y360,0 = ϕm,0 = ϕr. (22)
r 
The slope results by differentiation of both controller output functions: 
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 (23) 
 . (24) 
That means, that the slope of the yϕr function depends on KP and ϕr and 
the slope of the y360 function only on KP . The intersection with the 100%-line 
of both controller output functions is calculated: 
  (25) 
 . (26) 
Fig. 9 shows a graphical sketch of both controller output functions yϕr = 
f(ϕm) (15) and y360 = f(ϕm) (16). Both functions have the same zero (22), 
different slopes (23 – 24), different intersection with the ordinate axis (18 – 
19) and different intersection with the 100%-line (25 – 26). For equation 
(25), when KP > 1, then ϕm,yϕr,100 > 0 and thereby yϕr(0) = 100%. For equation 
(26), when , then ϕm,y360,100 > 0 and thereby y360(0) = 100%. Fig. 9 
shows these two cases, when the initial controller output variable y(0) = 
100% (due to clamping using (17)) or when y(0) < 100%. 
 
Figure 9: Graph of controller output functions 
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 4.3 Error Analysis 
When calculating the controller output variables, an absolute measurement 
error  is considered, which is defined by the difference between the actual 
angular position ϕo and the measured angular position ϕm: 
 . (27) 
 
Figure 10: Counted output pulses of incremental encoder 
This error originates from the actual angular position measuring by 
counting the encoder output pulses, represented by ρo (counts). Hereby 
exists a measurement uncertainty of one pulse ∆ = 1, due to the discrete 
values of the counted output pulses, which are represented by integer 
numbers. Using equation (12) this one pulse represents 0.09◦ and thus, the 
error  is limited by the following range: 
 . (28) 
To define the influence of this error to the controller output variables, 
equation 
(27) is inserted 
in the 
controller output functions (15) and (16): 
(29) 
 . (30) 
Thereby,  and  represent the relative controller output variables 
and  and  the relative measurement errors of the controller output 
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 functions. It can be seen, that  depends on the reference angular position 
ϕr, while  has a fixed value of . Due to (29) and (30), the relative 
measurement error 0 is producing an armature error voltage, independent if 
the relative controller output variable y0 is zero or not. This means, that the 
amplification factor KP must be chosen so small, that this error voltage is 
small enough so that the static friction force prevents rotation of the DC 
motor. Equations (29) and (30) also define the range of the controller 
output functions yϕr and y360. The resolution of the intern variables  
and the controller output variable y is defined by the used datatype for 
storing. 
5 Experimentation Realization and Results 
Experimentations have been realized to control the DC motor shaft angle of 
Maxon Motor RE-max29, the setup is depicted in Fig.11. Table1 presents the 
defined experimental parameters, constants and measured values. The 
 
Figure 11: Experimental setup 
Table 1: Experimental parameters, constants and measured values 
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 Symbol Description 
Unit / 
Value 
ϕr Reference angular position ◦ 
KP Amplification factor of Pos-algorithm - 
ppr Pulses per revolution of encoder 4000 
fPWM Frequency of PWM signal 
980Hz 
1000Hz 
Kref 
Reference value for Pos-algorithm 
calculation 
ϕr 
360◦ 
ϕm Measured angular position ◦ 
 Relative angular error % 
 Relative angular error average % 
reference value Kref defines, whether equation (15) or (16) is used to 
calculate the controller output variable. Using 5 measurements, the relative 
angular error average was measured. So, 6 experimental factors (Table2) 
and arrangements of these factors in 15 tests (Table3) were defined, to 
analyze the influence of every experimental factor. 
Table 2: Defined experimental factors 
Factor Name Description 1 2 3 
A - 
Pos-algorithm data 
type 
Float Integer - 
B - 
Timer1 Mode of 
Operation 
CTC 
Fast 
PWM 
- 
C fP 
Execution frequency of 
Pos-algorithm 
100Hz 200Hz 500Hz 
D Kref 
Reference value for 
Pos-algorithm 
calculation 
ϕr 360◦ - 
E digit 
Resolution of Integer 
Pos-algorithm 
- 
3 
digits 
- 
F KPWM 
Resolution of PWM 
signal 
255 16000 - 
Equation (11) shows, that the Timer1 TOP value is defined by the PWM 
frequency fPWM. With fCPU = 16MHz microcontroller clock speed and fPWM = 
1kHz PWM frequency, equation (11) gives: 
 . (31) 
Varying the parameters KP and ϕr from Table1, 5 measurements for the 
relative angular error average  were recorded in Table4. For every test, it 
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 was chosen two different amplification factors KP of the used controller 
output variable (15) and (16), to measure the effect on the relative error 
average  after control and three different reference angular positions ϕr of 
1◦, 5◦ and 90◦, to take measurements using a small, middle and high angular 
position. 
6 Experimentation Analysis 
Table4 contains the relative error averages  of all tests defined by Table3, 
which were executed successfully. For reasons of clarity, not successful 
executed tests were eliminated from this table, which are represented by 
Test 1, 2, 5, 6, 9 and 10 and originated from an unstable step response of the 
DC motor. It is noted, that for these tests the experimental factor D = 1 and 
thereby using equation (15) leads to a initial controller output variable 
yϕr(0) independent of the reference angular position ϕr. This results in a 
initial controller output yϕr(0) = 100%, which causes the same acceleration.  
Table 3: Arrangements of experimental factors 
Test A B C D E F 
1 1 1 1 1 1 1 
2 1 1 2 1 1 1 
3 1 1 1 2 1 1 
4 1 1 2 2 1 1 
5 2 1 1 1 1 1 
6 2 1 2 1 1 1 
7 2 1 1 2 1 1 
8 2 1 2 2 1 1 
9 2 1 1 1 2 1 
10 2 1 2 1 2 1 
11 2 1 1 2 2 1 
12 2 1 2 2 2 1 
13 2 2 1 2 2 2 
14 2 2 2 2 2 2 
15 2 2 3 2 2 2 
Table 4: Relative angular error average for 15 tests [%] 
KP ϕr 3 4 7 8 11 12 13 14 15 
1 
1◦ 94.6
0 
100.0
0 
100.0
0 
100.0
0 
- - - - - 
5◦ 4.76 100.0
0 
100.0
0 
100.0
0 
- - - - - 
90 0.68 10.10 8.78 9.54 - - - - - 
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 ◦ 
10 
1◦ 96.4
0 
100.0
0 
91.00 85.60 - - - - - 
5◦ 7.36 5.64 9.84 7.44 - - - - - 
90
◦ 
0.56 0.94 0.56 0.68 - - - - - 
10
0 
1◦ - - - - 100.0
0 
100.0
0 
100.0
0 
100.0
0 
100.0
0 
2◦ - - - - - - 100.0
0 
100.0
0 
86.50 
5◦ - - - - 13.40 5.88 11.60 5.64 12.88 
90
◦ 
- - - - 1.22 0.62 0.74 0.14 1.62 
20
0 
1◦ - - - - - - 100.0
0 
100.0
0 
100.0
0 
2◦ - - - - - - 14.70 8.20 15.40 
5◦ - - - - - - 12.00 17.20 4.76 
90
◦ 
- - - - - - 0.66 0.52 0.28 
25
0 
1◦ - - - - 56.80 55.00 - - - 
5◦ - - - - 9.12 10.96 - - - 
90
◦ 
- - - - 0.40 0.64 - - - 
50
0 
1◦ - - - - - - - - 11.60 
2◦ - - - - - - - - 11.10 
5◦ - - - - - - - - 4.16 
90
◦ 
- - - - - - - - 0.22 
of the DC motor shaft, regardless of ϕr. However, the acceleration of the DC 
motor shaft should be reduced, the smaller is the absolute angular error ϕe, 
which results in equation (16). Thus, the initial controller output variable 
y360(0) now depends on the reference angular ϕr, which results in a stable 
step response of the DC motor and are represented by the successful 
executed tests recorded in Table4. 
The floating-point Pos-algorithm was converted to a fixed-point 
algorithm. Test 3, 4 contain the Pos-algorithm using the float datatype and 
Test 7, 8 and 11 - 15 the Pos-algorithm using the integer datatype. Since in 
Test 3, 4 and 7, 8 the experimental factor D = 2 and the reference angular 
position ϕr < 360◦, an amplification factor of Pos-algorithm KP > 1 and 
clamping the output to 100% (17) was chosen, to analyze the effect. Test 3, 7 
use the same execution frequency fP = 100Hz, like Test 4, 8 use the same 
execution frequency fP = 200Hz. Between Test 3 and 7 and Test 4 and 8, the 
relative angular error average  remains approximately the same, which 
confirms the functionality and equality of the Pos-algorithm using float or 
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 integer datatypes. Here, a relative angular error average = 100% means 
that the DC motor shaft was not moving. 
A significant improvement of the relative angular error average can be 
observed for Test 11 - 15, where a fixed-point algorithm (A = 2), a reference 
value Kref = 360◦ (D = 2) and a resolution of the integer Pos-algorithm with 3 
digits (E = 2) was used. Especially an improvement can be noted, when using 
the PWM signal with high resolution (F = 2), a high execution frequency of 
Pos-algorithm fP = 500Hz (C = 3) and a high amplification factor KP = 500. 
The best experimental results are given by Test 15. 
7 Conclusions 
The paper presents a new application for a Technical Vision System used in 
combination with a drone, to measure the vegetation vitality using the 
normalized differenced vegetation index. Emphasis was placed on the exact 
laser beam positioning in the TVS FOV, which was achieved by 
implementing a closed-loop positioning algorithm (Pos-algorithm) and 
using high-quality DC motors, to reduce the laser beam positioning error 
after control. The closed-loop algorithm was presented and a positioning 
error analyzed, caused by the use of incremental encoder, to sample the 
actual angular position of the DC motor shaft. Experimentation was 
performed using different experimental factors and different arrangements 
of these factors, to analyze the influence of every factor. 
A first improvement of the DC motor step response was achieved by use 
of equation (16) to calculate the absolute angular error ϕe. Thereby, the 
initial controller output variable y360(0) is reduced, the smaller is this 
absolute angular error. This leads to a stable DC motor step response and 
successful executed tests. 
Furthermore, the equality of the Pos-algorithm using float or integer 
datatypes was analyzed. Thereby, two equal Pos-algorithm using two 
experimental factor arrangements were applied: one using floating-point 
datatypes (Test 3, 4 in Table4) and one using fixed-point datatype (Test 7, 8 
in Table4). 
Between Test 3 and 7 and Test 4 and 8, the relative angular error average  
remains the same, which confirms functionality and equality of both Pos- 
algorithms. 
An especial improvement of the DC motor step response was achieved 
by using a high PWM duty-cycle resolution and a high execution frequency 
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 of the Pos-algorithm. To realize a quasi-continuous control, these two 
conditions both must be as high as possible, because analogue controller 
does not represent a sample behavior and the output signals have an infinite 
resolution. The best experimental results are given by Test 15 in Table4 for 
a amplification factor of KP = 500. 
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